ABSTRACT
Introduction
Urbanization and the process of a city growth have been widely studied and questioned. Apart from important economic and political conclusions, useful information regarding telecommunications/networks development could also be drawn. For example, the deployment of telecommunications networks is usually decided after conducting business models based on estimating the potential users of the offered services. Thus, the analysis of population distribution and growth provides crucial information to decision makers. Initial investments are the main obstacle for operators in order to provide services equally in all areas. Although, despite the increasingly demand for such services e.g. broadband, a digital divide gap between big and smaller cities is still evidence, due to the lack of the required infrastructures.
The European Commission (EC) addressed the problem of these inequalities and in line with its decision for an "Information Society for all" [1] subsidized a number of initiatives aiming to the deployment of telecommunications networks, especially to no-metropolitan areas. The e-Europe 2005 was additionally supported by the action plan i2010 [2] , which promoted the advantages of ICT technologies in economical and social aspects. The successor of this action plan is the "Digital Agenda" initiative which will be completed in 2020 and aims to expand ICT benefits [3] . The US government has also confronted the same problem and as Pigg and Clark presented in [4] a number of initiatives are applied by the US Department of Agriculture, targeting to the elimination of technological exclusion in rural areas.
Yet, apart from the total number of population in an area, population density together with population growth should also be included in analyses regarding network development as they contain important information. On the one hand, population density could offer significant economies of scales regarding networks' deployment. On the other hand, the rate of population growth determines the growth of potential users.
The stability regarding cities' size over long time periods in developed countries was investigated among others by [5, 6] . These works concluded to equal proportions between big and smaller cities. Henderson [7] stated that urbanization process in developing countries releases a number of political and societal challenges. Among others, population agglomeration in urban areas and the change from agriculture to a service-provided economy will raise opportunities for these countries.
However, it is very likely for policy makers to address income, technological and cognitive diversification between big and smaller cities. These differences are caused mainly because of the distinct policy followed in some areas that favored over others.
Hence, the compliance of a country's population on specific laws provides useful information to decision makers from both the public and the private sector. The evolution of the size distribution seems to be complied with Zipf's law in most cases [8] . According to this rule and in the case of cities size, the second largest city (rank = 2) should have half of the size of the largest one, which is ranked as first (rank = 1), the third largest city (rank = 3) should have one third of the 1 st ranked city, and so on. Thus, this relation, which depends on the population and the rank of each city, can be described by the following equation:
The aim of this work is neither the examination of a new regression method for the validation of Zipf's law nor the critic for the existing models. The paper aims to investigate the compliance of Greek urban areas with the Zipf's law, not only in a population basis but also according to density and Δ(Population) which represents population differences among last censuses.
The rest of the paper is structured as follows. In Section II the corresponding literature is reviewed and in Section III, the considered sample and the methodology of the analysis are presented. In Section III, the evaluation results are presented and discussed. Finally, in Section IV discussion of the results takes place, while Section V concludes the analysis and proposes additional applications.
Literature Review
According to Zipf there is an inversely proportional relationship between the frequency of words in a large corpus and the rank-size of these words. His suggestion is known as the "Zipf's law" [8] and since then it has been applied to several fields of study. The Zipf's law or the "rank-size rule" is one of the most famous rules-among linguists, economists, geographers etc., although it is not based on a clear theoretical basis [9] . Ha et al. [10] investigated the validation of the law between English and Mandarin corpora and Adamic and Huberman [11] proved that web sites' popularity follows the Zipf's law. Lu et al. [12] claimed that the majority of expressed genes exhibit a power law distribution similar to Zipf's one etc.. Nowadays, the Zipf's law and its applications have attracted the interest of many researchers worldwide and the factors which may affect its validation test are under investigation. According to many researchers, concentration of population and urbanization are related to the Zipf's law. Kosmopoulou [13] studied the distribution in both metro and urban areas in US cities. She concluded that metro areas comply with Zipf's law, while urban areas tend to not follow the law, especially in recent years. Nitsch [14] claimed that the law cannot be valid for urban areas due to the evolution of the modern countries and cities. In addition, an international research showed that the regression method may significantly affect the results of validation tests [15] . Furthermore, Gabaix and Ioannides [16] proposed that city size distribution can be better justified through dynamic models, than by Zipf's law which belongs to power laws.
Sato and Yamamoto [17] investigated the relation between urbanization and demographic transition and they suggested that urbanization plays a crucial role in the process of economic development. In addition, Lucas suggested in [18] that there is a positive relationship between economic development and human capital growth. Thus, public policies have been strongly influenced by the urban growth and population concentration [19] . Cunningham et al. [20] studied the network growth in mobile telephony and concluded, among others, that demographic factors affect the development of this market. Not surprisingly, population density has a positive impact on mobile demand. In addition, income and the distribution of GDP on population, e.g. income inequality, are considered as driving factors regarding the adoption of mobile services. Moreover, Moutafides and Economides [21] showed that income is positively varied with demand for broadband services.
The compliance of population under certain rules, such as the Zipf's law, is strongly depended on the sample size [22] . For this reason, the following analysis is separated in two cases. On the one hand, urban cities with population more than 5 K inhabitants are studied and on the other hand cities with more than 10 K are included in the analysis. For both cases, the analysis is conducted with and without the two main urban areas of Greece, which are the capital city of Athens and Thessalonica.
The Methodology
The data sample used in this analysis were drawn from the official Hellenic Statistical Authority [23], correspond to years 1971, 1981, 1991 and 2001 and they are the only data digitally available from corresponding censuses. Before the explanation of the exact following methodology, it must be clear that the dataset was defined based on cities which were characterized as urban by the National Census in 2001 (approximately ≥ 5 K inhabitants). However, a decade has almost passed from the last census and so data from 2011 are also included in analysis based on forecasted values. Though, a well known model used to forecast population i.e. Gompertz model is applied to the observed data so as to estimate population for 2011 2 [24] .
The total population of Greece is about 10 million, from which more than 40% lives in the wider area of the capital city of Athens. According to the last census, conducted in 2001, 63 cities, including Athens and Thessalonica, concentrate about 70% of the entire population of the country. However, despite the high concentration in the two main metro areas, more than 6 M citizens have chosen to live in smaller cities. In addition, given the fact that the total growth of population from 1971 to 2001 was about 40%, interesting implications for decision makers regarding network development could be raised. The following Table 1 shows the basic statistical measures of the dataset with and without the two main urban areas (numbers are rounded up to the next largest integer number):
As Zipf's law cannot hold except for a certain sample size 2 [25] , in case of initially rejection it would be useful to put some limits and test the results again. The limits set in a similar analysis refer to the median of the dataset 2 [26] . This approach is akin to two-sided Zipf's law that Ripeanu et al. 2 [27] and Adamic and Huberman 2 [11] suggested. According to this assumption, there is a noticeable differentiation in results between bigger and smaller cities.
The first test was applied on populations observations, the second one on density and, finally, the third test was applied on Δ(Population), which is the change of population between subsequent censuses. Hence, a linear regression over the dataset, using the ordinary least squares (OLS) has been applied. The parameters of the following equation were estimated based on the afore-mentioned dataset:
where P it is the population of the city i in time period t. 
The Results

Zipf's Law Validation Test for Ranks and Populations
In the first validation test of the Zipf's law, the compliance of population is tested using Ordinary Least Squares (OLS). The results from the first test are presented in Table 2 and in Figure 1 . According to this test, it can be concluded that the first dataset, where Athens and Thessalonica included, tends to comply with the Zipf's law only in the last census. The slope ranges from -1.181 in 1971 to -1.067 in 2011 and R-square is over acceptable threshold in all cases. Moreover, it seems that the process of rapid urbanization tends to limit significantly, as both slope (b) and the intercept alpha (a) indicated. These results lead to the conclusion that Greek urban cities tend to limit their population differences. Especially during the last decades this conclusion seems to be more valid taking into account that R-square records higher values and the errors are lower. On the other hand, the second dataset, where Athens and Thessalonica are excluded from the analysis, is not complied with the Zipf's law in recent years. In 1971 the population was distributed in line with the law. However, in 2011 the slope is not consistent with it. According to these results, it seems that the distribution of population in small urban cities tend not to follow the Zipf's law. Thus, further analysis is provided, in order to determine the law validation over the Greek population. After separating the sample in two subsets, above and bellow 10 K inhabitants, Zipf's law validation is tested again with the same method of OLS (Table 3and Figure  22 Figure 2) . The threshold of 10 K inhabitants is in line with the initiative "eEurope 2005, an information society for all", aiming to the subsidization of deployment of fiber optical metropolitan networks in urban cities with more than 10 K inhabitants (www.infosoc.gr).
According to the analysis of the results, the first sub-sets comply with the law, while the second ones give non acceptable results. More specifically, cities with more than 10 K inhabitants-including Athens and Thessalonica seem to follow a stable population distribution. Statistical results are above threshold of acceptance and the slight increase in the intercept parameter, α, indicated the general population increase. On the contrary, the estimated slopes in the second
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In population (＞10k w/o A&Th) sub-sets-excluding Athens and Thessalonica indicated an upward process caused by the significant increase of population in the considered cities. The slope, β, is continuously decreased from 1971 to 1991, although in 2001 there was a slight increase. Thus, population distribution according to last census reveals smoothing tendency and though the proportion signifies Zipf's law is strongly rejected in this case.
Zipf's Law Validation Test using Population's Density
At this stage, a rank-size rule is applied to the whole dataset based on their population density. In 2 Table 4 and in 2 Figure 3 a comparison in results of both cases, with and without the two main urban areas, according to OLS method is presented. It is obvious that there is a similarity with previous results for all censuses. Though, in the first sub-sets where Athens and Thessalonica included in analysis, population density complied with Zipf's law. In addition, calculated R-squares and errors boost the accuracy of the estimated results. On the contrary, it seems that second sub-sets don't comply with Zipf's law as the slope is not close enough to -1. The distribution of population density in this case seems to be stable in last decades and the estimated slope indicated that there are slight differences regarding population density among cities. Though, the majority of the bigger urban cities with more than 10 K inhabitants tend to grow in a similar way in terms of their density.
At a second stage, the analysis is applied in urban cities with population of more than 10 K inhabitants. In this On the other hand, based on the results of the other sub-sets-without Athens and Thessalonica the hypothesis of Zipf's law validation is strongly declined. In addition, according to the estimated slope (b) and the intercept (a), it seems that differentiations of population density in urban cities are reduced significantly.
Thus, network infrastructure development e.g. telecommunications network, should be carefully designed. Decision makers should take into account that in these cities the majority of potential users for telecommunications services is concentrated and though the appropriate business models have to apply. The development of high-cost infrastructures, such as fiber to the home networks, maybe should be rejected in areas where economies of scales are not favored by the population density.
Zipf's Law Validation Test for Ranks and Δ(Population)
Apart from the above tests, the analysis goes ahead with Zipf's law validation tests and exam the distribution of difference in population-Δ(Population)-among censuses.
Firstly, the net difference between population is calculated, then the rank-size rule is applied to these differences and, finally, the Zipf's law hypothesis is tested. The analysis is conducted for population differentiation regarding the time intervals of years 2011 to 2001, 2001 to 1991, 1991 to 1981 and 1981 to 1971 . The results of the applied OLS linear regression are as presented in Table 6 and in Figure 5 . Data seem not to comply with Zipf's law as the slope, β, R-square and Standard Error of Estimate (SEE) have not acceptable values.
Among the 146 examined cities 19, 27 and 22 had a population decrease in 2001, 1991 and 1981 respectively. It is estimated that in 2011 only 10 cities will decrease in terms of population. The average decrease was about 5% in all censuses ( Table 7) .
Athens and Thessalonica had the faster population growth rate only from 1971 to 1981 and after that they tend to grow more slowly than the other cities. This means that the urbanization process and internal migration to these two big cities have been limited in recent years. Moreover, according to the results, the population growth of the considered urban cities was in general higher in past decades and particularly in '80s. In order to provide more reliable results, the proportion of population growth is estimated and expressed in percentage. The following 3 Figure 6 shows this population growth for both positive and negative differentiation.
According to 3 Figure 5 and 3 Figure 6 , it is concluded that population increase was more intense in last decades. In addition, smaller cities grew in a faster way than the bigger ones. Although the critical mass of population inhabits the two main urban areas, smaller cities are continuously grown and in fact this increase is on the rise.
Discussion of Results
According to the results, population distribution in Greece complies with the Zipf's law when all urban cities with more than 10 K inhabitants are included in the analysis. An exception is made by the total population distribution, which complies with the law in the last census. These results indicated that Greek urban cities tend to grow unequally in terms of population. Thus, public policies regarding the deployment of infrastructures such as telecommunications networks should applied in line with population concentration. Apart from public initiatives the private sector should also take into account population distribution, as an indicator of potential users of offered services.
Furthermore, the compliance of ranks and population density is valid with Zipf's law in both cases, for all urban cities and for those with more than 10 K inhabitants. Although, according to the results when Athens and Thessalonica were excluded from the analysis, data do not comply with the law neither for all urban cities nor with more than 10 K inhabitants. Though, the choice of the appropriate sample is therefore very important for the further research as it can affect the results, as it is also stated in 3 [31] . Thus, it can be concluded that the majority of urban cities in Greece, excluding Athens and Thessalonica, have the same population density, which is by far sparser than in the two main urban areas.
Finally, population differentiations have been estimated in order to test the validation of population growth with the Zipf's law and in same time determine the process of this growth in all urban cities. From the analysis is revealed that smaller cities developed in terms of population growth rate faster than bigger ones. Moreover, the development was more intense in 80s and in 90s. In the last decade population growth was significantly limited regarding previous decades. This may indicate that even more urban cities gain the same comparative advantages and people can be befit in the majority of these cities. As Cuberes suggested in 3 [32] , the evolution of city growth is sequential and though further analysis could reveal additional information.
As far as the regression is concerned, OLS seems to be acceptable, but it can be observed by the results, that there isn't an absolute linear relationship between population and rank-size for the upper tail of dataset. This observation is inline with other related works 3 [16] ,3 [33] .
The analysis of the urbanization process along with the validation of the Zipf's law is useful information for policy makers, urban scientists, infrastructure designers, etc. Especially as the debate for power, transport and telecom infrastructure development is increasing, in the light of measures for information society development, this kind of information is particularly useful for more effective broadband population coverage, creation of broadband development, transport design, firms installation (as discussed by Fujiwara et al. 3 [34] ), power networks etc.
Conclusions
Based on the assumption that population characteristics, such as density and growth, contain useful information to be used for decision making of networks' deployment, the present work evaluated the application of Zipf's power law over urban cities in Greece. The purpose was the provision of qualitative and quantitative criteria, to both the public and the private sector, in order to decide the development of networks.
Results indicated that public policies regarding the deployment of infrastructures such as telecommunications networks should applied in line with population concentration, not only in terms of public initiatives but from the private sector as well. The private sector should take into account the examined characteristics of the population, in order to estimate the future demand for the offered services and develop the appropriate infrastructures, thus avoiding over or undersupply.
Apart from this, the study provides additional results, according to the distribution of population density and population differentiations during the last decades. It is proved that the considered sample plays a crucial role to the final conclusions, since the acceptance or the rejection of the law depends on it. Moreover, important information regarding the deployment of networks are revealed and discussed.
The approach described in this work can be used as a driver and an input for the construction of strategic plans regarding the deployment of telecommunication or similar type networks.
